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(57) ABSTRACT 

The present invention relates to a communication system 
arranged to provide communication services for mobile user 
equipment by means of a plurality of access entities. The 
communication system comprises a location information 
service entity for provision of location information regard 
ing the geographical location of at least one mobile user 
equipment. At least one controller of the communication 
system is arranged to provide the location information 
service entity With information regarding changes in the 
service provided for the at least one mobile user equipment 
by the communication system. The location information 
service entity is arranged to provide location information 
based on said information regarding the changes. 
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PROVISION OF LOCATION INFORMATION 

FIELD OF THE INVENTION 

[0001] The present invention relates to provision of loca 
tion information services in a communication system. 

BACKGROUND OF THE INVENTION 

[0002] In a cellular communications system mobile user 
equipment such as a mobile station is served by radio access 
entities referred to as cells, hence the name cellular system. 
Examples of cellular communication standards include the 
second generation (2G) GSM (Global System for Mobile 
communications) or various GSM based systems (such as 
2G GPRS: General Packet Radio Service), the AMPS 
(American Mobile Phone System), the DAMPS (Digital 
AMPS). 3rd generation (3G) cellular system systems have 
also been proposed, such as the 3G GPRS and communi 
cation systems based on the WCDMA (Wideband Code 
Division Multiple Access), for example the UMTS (Univer 
sal Mobile Telecommunications System), IMT 2000, 
i-Phone and so on. 

[0003] In a cellular system, a base transceiver station 
(BTS) provides a Wireless communication environment i.e. 
an access entity that serves mobile user equipment (UE) via 
an air interface Within the coverage area of the cell. As the 
approximate siZe and the shape of the cell is knoWn, it is 
possible to associate the cell to a geographical area. The siZe 
and shape of the cells may vary from cell to cell. One or 
several cells may also be grouped together to form a service 
area (SA). A base station may provide more than one cell. 
The 3rd generation telecommunications standards may refer 
to the base station as node B. Regardless the standard, the 
term base station Will be used in this document to encompass 
any such element of an access entity Which transmits to 
and/or receives signals from a mobile user equipment or the 
like via an air interface. 

[0004] Each of the access entities can be controlled by an 
appropriate controller apparatus. For example, in a 
WCDMA radio access netWork the base station is connected 
to and controlled by a radio netWork controller (RNC). In the 
GSM radio netWork the base station is typically connected 
to and controlled by a base station controller (BSC) of a base 
station subsystem (BSS). The BSC/RNC may be then con 
nected to and controlled by a mobile sWitching center 
(MSC) or similar controller entity. Other controller nodes 
may also be provided, such as a serving GPRS support node 
(SGSN). The controllers of a cellular netWork are typically 
interconnected and there may be one or more gateWay nodes 
connecting the cellular netWork eg to a public sWitched 
telephone netWork (PSTN) and other telecommunication 
netWorks such as to the Internet and/or other packet 
sWitched netWorks. 

[0005] The cellular netWork apparatus and/or the mobile 
station can be employed for provision of location informa 
tion of the mobile station and thus the user thereof. More 
particularly, the cells or similar geographically limited ser 
vice areas and associated controller nodes facilitate the 
cellular system to produce at least a rough location infor 
mation estimate concerning the current geographical loca 
tion of a particular mobile station. If the location of the 
access entity is knoWn, it is possible to conclude therefrom 
the geographical area in Which the given mobile user equip 
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ment (communicating in said access entity) is likely to be at 
a given moment. More accurate location information may be 
obtained based on various location estimation methods, eg 
based range difference (RD) measurements, observed time 
difference of arrival (OTDOA), enhanced observed time 
difference of arrival (E-OTD), timing advance (TA), and 
round trip time (RTT) or by means of a global positioning 
system (GPS) or a differential GPS. The location informa 
tion may be provided also When the mobile station is located 
Within the coverage area of a visited or “foreign” netWork. 
The visited netWork may be capable of transmitting location 
information of the mobile station back to the home netWork, 
eg to support location services or for the purposes of call 
routing and charging. 

[0006] A mobile user equipment may also be provided 
With appropriate equipment to generate information on 
Which the positioning of the mobile user equipment can be 
based on. The mobile station may communicate the infor 
mation via the base to an appropriate netWork element that 
may use the information in a prede?ned manner. 

[0007] The geographical location of a mobile user equip 
ment may be provided for client entities Who Wish to obtain 
such information. The clients may be internal or external to 
the communication system. The clients may use the infor 
mation about provided by the location information services 
of the communication system for various purposes. The use 
may be commercial such as advertising, looking for services 
in a particular area and so on. The use may also be private, 
such as a ‘?nd a friend service’. 

[0008] The location service functionality may be provided 
by a separate netWork element such as a location informa 
tion server Which acts as a gateWay betWeen the communi 
cation netWork and a client Who has requested for the 
location information. The location information server 
responds to the request by the client based on information 
received from one or more of the location determination 
entities of the communication system, said information 
regarding the determined location of a target user equipment 

[0009] It might be useful for various commercial and 
non-commercial entities to be able to have information 
concerning mobile user equipment that are located Within a 
particular geographical area. In some application it might be 
useful for obtaining location information only in selected 
parts of the communication system. There are also applica 
tion Where it might be useful to be able to locate selected 
mobile user equipment or subscribers in a de?ned area. For 
example, various organisations or even individuals may 
Want to send information and/or offer services to mobile 
stations only in a particular de?ned geographic area and/or 
to certain type of subscribers in that particular geographical 
area. The mobile stations in a certain area and/or certain 
types of subscribers may also need to be tracked eg for ?eet 
management or loyalty card scheme purposes. 

[0010] Push type services and especially push advertising 
have been proposed. Basically the purpose of the push type 
services is to offer value added services and information to 
segmented user groups. An example is a supermarket in a 
certain location that Would like to send advertisements for 
all loyalty card holders eg by means or the short message 
service (SMS). HoWever, this kind of broad segmentation 
may result to a large number of target subscribers, and may 
be held to be too expensive to perform. For example, most 
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of the loyalty card holders may be far aWay from the location 
of the supermarket and therefore unable to use the advertised 
offer. 

[0011] The push type advertising mechanism could be 
enhanced so that is based, in addition to the target segmen 
tation (pro?ling), also on the geographical locations of the 
members of the target group. To be able to support this kind 
of selection of the “targets” the communication netWork 
should provide location information regarding each member 
of the target group. Since the group may be substantially 
large, this may mean that a substantial number of location 
request needs to be processed by the location information 
function of the communication system. 

[0012] The inventors have found that the present location 
information provision mechanisms might not be capable of 
locating/tracking a substantially large number of users. 

[0013] The prior art solutions are designed to calculate as 
accurately as possible the position in response to a single 
location request concerning a single target user equipment. 
This is required because of the QoS (quality of service) 
requirements. In the prior art the location reporting must be 
done based on stand-alone requests or periodically by asking 
the information from the location information service entity 
such as the GMLC. In practise this leads to relatively heavy 
signalling and calculation load to the communication net 
Work if a substantial number of users is to be located for a 
task such as for the purpose of sending localised advertise 
ments. 

SUMMARY OF THE INVENTION 

[0014] It is an aim of the embodiments of the present 
invention to address one or several of the shortcomings of 
the prior art services. 

[0015] According to one aspect of the present invention, 
there is provided a communication system for provision of 
communication services for mobile user equipment com 
prising: 

[0016] a plurality of access entities for enabling the 
mobile user equipment to access the communication 
system; 

[0017] a location information service entity for pro 
vision of location information regarding the geo 
graphical location of at least one mobile user equip 
ment; 

[0018] at least one controller arranged to provide the 
location information service entity With information 
regarding changes in the service provided for the at 
least one mobile user equipment by the communi 
cation system, the location information service entity 
being arranged to provide location information based 
on said information regarding the changes. 

[0019] According to another aspect of the present inven 
tion, there is provided a location service entity for a com 
munication system, comprising: 

[0020] an input for receiving from the elements of the 
communication system information regarding an 
access entity of the communication system that is 
serving a mobile user equipment; 

[0021] a processor for processing the information; 
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[0022] a database for storing spatial information 
Wherein the access entities are associated With geo 

graphical locations; 

[0023] an output for provision of location informa 
tion to a client based on said information regarding 
the access entity serving the mobile user equipment 
information stored in the database. 

[0024] According to another aspect of the present inven 
tion, there is provided a method of proving location infor 
mation for a client regarding mobile user equipment served 
by a communication system, said communication system 
providing communication services for the mobile user 
equipment by means of a plurality of access entities, the 
method comprising: 

[0025] activation a monitoring function in a control 
ler of the communication system for detection of an 
event in association With the provision of commu 
nication services for at least one mobile user equip 

ment; 

[0026] in response to detection of the event, reporting 
the event to a location information service entity 
arranged for provision of location information 
regarding the geographical location of said at least 
one mobile user equipment; and 

[0027] based on said information regarding the event, 
generating a message for reporting to the client the 
location of said at least one user equipment. 

[0028] In a more speci?c embodiment the at least one 
controller is arranged to push information about a de?ned 
change in the service to the location information service 
entity in response to detection of the de?ned change. Said 
change in the service ie the event may comprise movement 
of the mobile user equipment from an access entity to 
another access entity. 

[0029] Said at least one controller may be arranged to 
provide the location information service entity With a unique 
identi?er of an access entity as an indication of a change in 
the location of the mobile user equipment. 

[0030] The location information service entity may de?ne 
geographical location coordinates of the mobile user equip 
ment based on said information from the at least one 
controller. The location information service entity may com 
prise a spatial database for storing information for use in 
association of access entity identi?ers With geographical 
location areas. 

[0031] The location information service entity may be 
arranged to respond a location information request by a 
client based on said information from said at least one 
controller. The request from the client may concern a 
substantially large group of users of mobile user equipment. 

[0032] The location information service entity may be 
arranged to provide information regarding the operational 
state of the user equipment and/or data volumes communi 
cated to and/or from the user equipment. 

[0033] A plurality of access entities may be grouped into 
a larger location area group, the arrangement being such that 
location information is provided only if the user equipment 
moves into or out from the location area group. 
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[0034] The responsibility to provide the location informa 
tion service entity With information regarding events in 
association With the communication services may be relo 
cated to another controller. 

[0035] The embodiments of the invention may provide a 
substantially lightweight and quick method for provision of 
location information may be provided. Location information 
regarding user equipment may be provided Without eXces 
sively loading the resources of a communication netWork. 
The information may be provided only regarding mobile 
users Who are located Within or close to a de?ned area. The 

reporting may be triggered by actions of the users. Location 
procedures may be triggered regarding a substantially large 
group of target mobile users. The target users and a target 
area and other information may be given in a single location 
information request. The embodiments may alloW a reliable 
location of a plurality of subscribers in a triggered fashion. 

BRIEF DESCRIPTION OF DRAWINGS 

[0036] For better understanding of the present invention, 
reference Will noW be made by Way of eXample to the 
accompanying draWings in Which: 

[0037] FIG. 1 shoWs some entities of a cellular commu 
nication system that may be used for implementing an 
embodiment of the present invention; 

[0038] 
[0039] FIG. 3 shoWs schematically the signalling in 
accordance With an embodiment; 

[0040] FIG. 4 is a signalling ?oWchart illustrating the 
operation of one embodiment of the present invention; 

[0041] FIG. 5 shoWs a further embodiment; and 

[0042] FIG. 6 is a ?oWchart for operation in accordance 
With an embodiment. 

FIG. 2 shoWs a de?ned area covered by cells; 

DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0043] Reference is made ?rst to FIGS. 1 to 3. FIG. 1 
shoWs a part of a cellular public land mobile netWork 
(PLMN) in Which the embodiments of the present invention 
may be employed. FIG. 2 shoWs schematically an area 
covered by a plurality of access entities 20 to 25, ie cells 
of a cellular communication system. 

[0044] Each cell has associated thereWith a base station 6. 
A mobile user equipment i.e. mobile station 1 is able to 
communicate With the base stations of the cells via an air 
interface. Since the base station are typically ?xedly posi 
tioned, or moved only occasionally, the geographical loca 
tion of each base station is knoWn by the system. The 
location of a base station may de?ned, for eXample, in X and 
Y coordinates or in latitudes and longitudes. It is also 
possible to de?ne the location of the mobile station in 
vertical directions. For eXample, Z co-ordinate may be used 
When providing the location information. 

[0045] It shall be appreciated that the siZe and shape of the 
cells or other access entities is typically not as regular as 
What is shoWn in FIG. 2, but Will depend on the conditions 
in the area and the communication application. It shall also 
be appreciated that the base stations may provide differently 
shaped radio coverage, such as an omni-directional coverage 
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area or a sector beam provided With a directional or sector 

antenna. The sector base station may use eg three 120° 
directional antennae Whereby three radio coverage areas are 
provided, or four 90° directional antennas providing four 
radio coverage areas and so on, or any combinations of 
different radio coverage beam Widths 

[0046] The mobile user equipment 1 are able to move 
Within an access entity and also from one access entity to 
another access entity. The location of a mobile user equip 
ment may thus vary in time as the mobile user equipment is 
free to move Within the service area of the communication 
system. 
[0047] Some of the elements of a 3G communication 
system such as the UMTS (Universal Mobile Telecommu 
nication System) Will noW be discussed in more detail before 
explaining the basic concept of the present invention. Each 
of the base stations 6 is controlled by a respective radio 
netWork controller RNC 7 of a radio access netWork 4. It 
shall be appreciated that any other similar entity, such as the 
base station controller (BSC) may be used for the similar 
purpose. The radio netWork controller RNC and the base 
station(s) may sometimes be referred to as the radio netWork 
subsystem RNS or the base station subsystem (BSS), 
depending on the application. It should be appreciated that 
a telecommunication netWork is typically provided With a 
plurality of radio access netWorks and/or RNCs, BSCs and 
so on, and that each access netWork controller is arranged 
generally to control a plurality of base stations. 

[0048] The radio netWork subsystem (or BSS) may be 
connected to a controller node 11 such as a SGSN (serving 
GPRS support node) or a MSC (mobile sWitching centre). 
The SGSN provides various control functions such as keeps 
track of the mobile station’s location for the purposes of 
packet data transfer, performs security functions and access 
control. The SGSN may be connected to further nodes such 
as a gateWay GPRS support node (GGSN) 13. 

[0049] The netWork may also include nodes for storing 
information of user equipment and/or subscribers subscrib 
ing the communication netWork or visiting the netWork, 
such as an appropriate home location register (HLR) 14 and 
a visitor location register (VLR, not shoWn). Depending the 
implementation, the location register nodes may be inte 
grated With a control node. The HLR 14 may also store 
subscriber information. The subscriber information may be 
transferred to the SGSN 11 or any other entity authorised to 
receive the information. This information may include, for 
eXample, information that relates to the privacy and/or 
authentication checks. The privacy information may indicate 
Whether the subscriber is Willing alloW information about 
his/hers location to be given to a particular third party or to 
any other party. 

[0050] FIG. 1 also shoWs a location information service 
provision entity 12 for provision of location information for 
client applications 8. In general terms, a location informa 
tion provision entity can be de?ned as a functionality or 
entity capable of providing a location service client (LCS 
client) 8 With information concerning the geographical loca 
tion of the mobile user equipment 1. In FIG. 1 the location 
information service entity 12 is shoWn to comprise a loca 
tion service gateWay node in the core netWork side of the 3G 
communications system. In a more speci?c form of the 
embodiment described beloW the gateWay entity is provided 
by a gateWay mobile location center (GMLC). 
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[0051] The client 8 is a logical functional entity that may 
make requests to the GMLC node 12 for information about 
the location of one or more of the mobile stations. The LCS 
client 8 may be an entity that is external to the PLMN. The 
client may also be an internal client (ILCS) i.e. reside in any 
entity (including a mobile station) Within the PLMN. The 
client is entitled to receive at least some degree of informa 
tion concerning the location (or location history) of the 
mobile user equipment 1. 

[0052] The particular requirements and characteristics of a 
location client 8 may be knoWn to the location information 
server 12 by its location client subscription pro?le. The 
particular client related restrictions may also be detailed in 
the subscription pro?le of the client. The location informa 
tion server 12 may also enable a netWork operator to charge 
the client 8 for the location features that the netWork 
operator provides. 

[0053] In a typical arrangement an eXternal LCS client 
Who Wants to receive information regarding the location of 
the user equipment needs to register to a speci?c GMLC. A 
reason for this is that typically only a particular GMLC is 
alloWed to provide information regarding the locations of 
subscribers to a particular external client. This is so eg for 
security, charging and privacy reasons. 

[0054] It should be appreciated that a communication 
system may comprise more than one location service pro 
vision entity, such as a plurality of location information 
servers. Each of the location information servers may have 
an individual address or other identi?er so that the other 
elements of the system may communicate thereto. 

[0055] The location information service entity 12 is 
arranged to receive prede?ned information concerning the 
location of the mobile user equipment 1 from the radio 
access netWork via a MSC and/or SGSN 11 connected by the 
appropriate interface means to the access netWork. The 
location server 12 may be arranged to process information 
received from the core netWork side and/or some other 
prede?ned parameters and/or to perform by processor means 
appropriate computations for determining and outputting 
information regarding the geographical location of the 
mobile user equipment 1. 

[0056] As shoWn by the arroWs, the location service entity 
12 obtains positioning information from the communication 
netWork. This information may be processed by the location 
information service entity 12 in a prede?ned manner before 
provision of the location of the user equipment to the client 
8. 

[0057] In conventional operation, the location server 12 
may be arranged to request for the location information from 
the access netWork. Instead of this, in the beloW described 
preferred embodiment information is pushed from the net 
Work side to the location information services server 12. The 
pushing of information may be triggered by an event such as 
a change in the access entity serving the mobile user 
equipment. The triggering of the automatic information 
provision to the location information service entity 12 from 
the netWork Will be described in more detail later. 

[0058] It should be appreciated that the elements of the 
location service functionality may be implemented any 
Where in the communications system. The location infor 
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mation service provision functions may be distributed 
betWeen several elements of the system. 

[0059] The folloWing describes a mechanism Which can be 
used to track a substantially large number of mobile user 
equipment based on a request from the LCS client 8. FIG. 
1 shoWs hoW the subscriber 1 moves i.e. relocates from a 
service area SA1 to another service SA2 and further to a 
third service area SA3 and the subsequent signalling proce 
dures. The mechanism may be used, for eXample, When the 
client application 8 Wants to knoW When an individual user 
1 out of very large group of users is entering or leaving a 
particular geographical area, such as an area 5 in FIGS. 2 
and 3. 

[0060] The inventors have found that eg for the push type 
services it may not alWays be necessary to knoW the eXact 
location of a subscriber. Instead, it may be enough if it can 
be determined if he/she is Within or outside a certain area. 
Thus the preferred embodiment provides the location infor 
mation on a cell level accuracy based eg on the cell ID (eg 
in the 2G system) or service area accuracy level based on the 
service area identity (eg in the 3G systems). 

[0061] The service area identity (SAI) is a 3G term 
meaning a set of cells. The number of cells can be anything. 
The number of cells covered by SAI may be as small as one, 
ie the SAI may equal CI. A SAI may also be as large as a 
Location Area (LA; see FIG. 1) comprising a plurality of 
service areas. 

[0062] The location reports to the GMLC 12 related to a 
subscriber Who changes from a service area or cell identity 
(SA/Cell ID) to another may be triggered by detection of 
such a change. 

[0063] The folloWing describes an eXample hoW the com 
munication netWork elements may inform a location service 
provision entity 12 of changes in the Cell/Service Area of a 
subscriber, ie the user of the mobile user equipment 1. The 
location service provision entity 12 may be provided With 
appropriate softWare code and processor means for imple 
menting the functions. Such a ‘location tracking intelli 
gence’ is referred to in the folloWing as a location service 
middleWare 16. The location service middleWare 16 facili 
tates calculation of a larger number of position estimates. As 
shoWn by FIG. 1, the location service middleWare entity 
may be provided in association With a GMLC, but this is not 
alWays necessary. 

[0064] The subscriber moves are preferably monitored 
based on Cell change information. Instead of providing the 
X,y location coordinates of the user equipment the commu 
nication netWork provides the current Cell ID or service area 
identi?er to the GMLC. The middleWare 16 may then 
compare the Cell ID information to a spatial database 18 to 
?nd out Whether the user equipment and thus the user is 
close to or Within a desired area 5. 

[0065] A selected group of subscribers or all subscribers 
may be determined to be located Within the de?ned geo 
graphical area 5. Although FIG. 2 shoWs (for clarity rea 
sons) that the requested area as a rectangular WindoW 5, the 
de?ned area may have any appropriate shape such as ellip 
soidal, polygonal or circular shape. The area may also be 
de?ned eg as an area Within a de?ned radius or distance 

from a certain point (e.g. base station location or any other 
location), name of an area (eg name of a toWn, village or 
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an organisation Within a prede?ned area), by coordinates or 
latitudes and longitudes and so on. The area de?nition may 
also comprise an altitude parameter. The de?nition of the 
de?ned area may also comprise a uncertainty parameter. For 
example, an ellipsoid area may be de?ned With an uncer 
tainty circle and so on. 

[0066] The client 8 may initiate the procedure by sending 
a request to the GMLC 12 and thus the location middleWare 
16. In the following example the client application 8 is 
assumed to be associated With a supermarket 2 of FIG. 2. 
The de?ned area 5 is shoWn to include the supermarket 2 as 
Well as a certain area surrounding the supermarket. 

[0067] The request may de?ne the area 5, for example, by 
means of location coordinates or a pre-de?ned area ID. The 
request may ask the GMLC 12 to tell When a member (or a 
plurality of members) of a speci?c group is entering the 
de?ned area. Parameters of the request may include the user 
group identi?cations such as subscriber numbers or any 
other pre-de?ned identi?cations of the members of that 
group. The location middleWare 16 may then accomplish 
screening functions, save the geographical area de?nition 
and initiate a location request for all user equipment de?ned 
to belong to the user group. 

[0068] Instead of coordinates, the location of the user 
equipment is determined by the location middleWare based 
on “Change of Cell” information. For example, the GMLC 
12 may send a request for receiving information from the 
netWork about changes of the CI/SAI of any of the users 
instead of asking for coordinate information regarding a 
speci?c user. 

[0069] Appropriate netWork entities may then start a “Cell 
change” supervision procedure. The supervision can be 
handled in any appropriate element of netWork, for example 
by the access netWork controller 7 (RNC or a BSC), the 
SGSN or a MSC. Any de?ned changes that associate With 
the tracked subscribers are reported to the GMLC. The 
GMLC may then compare the reported cells to the geo 
graphical area de?nition Which Was received from the client. 
The GMLC is preferably made aWare of the cell coverage 
information. For example, the GMLC may have an access to 
netWork planning information or similar information source. 

[0070] If any of the user equipment 1 is Within or very 
close to the de?ned area 5 indication of this is then sent to 
the client 8 from the GLMC 12. Alternatively, a more 
advanced/accurate location services (LCS) procedure com 
prising location measurements and other location determi 
nations may be initiated. If each user equipment of the group 
is outside of the desired area 5 then no indication may be 
given to the client application, or some other procedure, 
such as extension of the de?ned area may folloW. 

[0071] Since the spatial supervision is done in the GMLC 
location middleWare the operation does not require substan 
tial amount of extra actions to be taken by the communica 
tion netWork. That is, none of the location information 
provision entities of the telecommunication netWork needs 
to perform any calculations, measurements or other location 
determination procedures that Would normally be used When 
responding to a location information request concerning a 
single target user equipment. 

[0072] The CI/SAI information can be pushed to the 
GMLC location middleWare 13 via appropriate interfaces 
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betWeen the radio netWork 4 entities 7 and core netWork 
entities 11 and the core netWork entities 11 and the GMLC 
12. These functionalities may be provided, form example, by 
the already, at least partially, existing 3GPP interfaces, and 
are thus not described in detail herein. It is suf?cient to note 
that that for example a 3GPP lu interface procedure referred 
to as “Location reporting control” can be used for transport 
ing the Service Area change indications from radio netWork 
to the core netWork entities. This is applicable eg to the 
subscribers Which are in the MM CONNECTED state. The 
MM CONNECTED state means that the Mobility Manage 
ment State of the subscriber is “3G CONNECTED/2G 
READY”. For example, the subscriber may have a PDP 
Context and he/she is transferring data. Other possible states 
are “3G IDLE/2G STANDBY” (no data transmission) and 
“3G DETACHED/2G IDLE” (not attached to the GPRS 
netWork). 
[0073] The reporting procedure can feasibly be used for 
“alWays on” GPRS connections On the other hand, a 
3G-MSC may initiate the “Location reporting procedure” 
for all established calls. In both of these situations the core 
netWork has capability to interrogate the CI/SAI changes 
from the RNC Without any neW signalling resources. In 2G 
systems there is no need to interrogate Cell ID parameters 
from the BSC because the 2G SGSN is aWare of the Cell ID 
for subscribers in the MM READY state. Similarly the 2G 
MSC is aWare of the CI for all active calls. 

[0074] A mobile application part (MAP) Location request 
message (e.g. “Provide Subscriber Location”) may be 
adapted to include a request for information about any 
CI/SAI changes. Similarly the MAP Location response 
message (the so called PSL response Provider Subscriber 
Location) may be used to transport the CI/SAI. This may be 
done in addition or as an alternative to the current x,y 
coordinate type reporting capability. 

[0075] The signalling ?oW chart of FIG. 4 shoWs signal 
ling in operation in accordance With an embodiment. 

[0076] The client 8 may request location information from 
the GMLC 12. The client may request provision of location 
information about speci?c subscribers in a manner that is 
triggered by a speci?c event, and more particularly, by a 
change in the access entity of the subscriber. Thus the client 
8 may indicate in the request that it Wants to receive location 
information if the SA/Cell ID of the subscriber changes. 

[0077] The client 8 may also request other information 
that associates With the subscriber such as information 
regarding subscriber Mobility Management (MM) state. The 
PMM State may be of relevance eg when the Client 8 needs 
exact and reliable information about the subscriber location. 
The term PMM state should be interpreted generically as 
being relevant to 2G and 3G standards. This information can 
be used to ensure the subscriber is in CONNECTED (3G)/ 
READY (2G) state. Although the location may also be 
determined for subscribers in the IDLE (3G)/STANDBY 
(2G) states, this information is not as exact since only 
routing area updates (RAUs) may be received by the SGSN 
instead of location reports. 

[0078] If a subscriber is in the IDLE/STANDBY state, the 
Client 8 may activate a PDP Context (or send some data 
using already existing context if available) toWards the 
speci?c subscriber if the client Wants to change the state of 
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the subscriber from the IDLE/STANDBY state to eg the 
CONNECTED/READY state. The LCS Client could also 
page the subscriber. The client may also, for example, send 
some important information about the service or send adver 
tisements to the subscriber in order to get the MM State back 
to the CONNECTED/READY state. 

[0079] The client 8 may also request information such as 
send/received data volumes of PDP Contexts of a speci?c 
subscriber. The subscriber data volume reporting in service 
area accuracy level may be bene?cial for example in intel 
ligent netWork (IN) Prepaid services or the like. The GMLC 
may provide the information eg to a service control point 
(SCP) of the IN. If location information is provided to the 
SCP by the GMLC, the GMLC may also provide the 
information of the data volumes for speci?c PDP Contexts. 
The SCP may be an internal client that enabled to request for 
subscriber location in a triggered manner together With 
information regarding the data volumes eg via a SGSN 
SCP CAP (CAMEL application part) interface. 

[0080] The client may also indicate in the request required 
accuracy, eg by indicating if cell area, service area or 
location area accuracy is required. 

[0081] The GMLC 12 may forWard the request to an 
appropriate serving GPRS support node (SGSN) 11. The 
correct SGSN address is typically provided by the HLR 14. 
When the GMLC 12 forWards the Location Request to the 
SGSN 11 it also indicates that it also Wants to receive an 
indication if the SA/Cell ID of the subscriber changes. 
Indication regarding changes in the MM State or informa 
tion regarding the uplink/doWnlink data volumes may also 
be requested if this Was requested by the client 8. 

[0082] Messages 1 and 2 may also contain some additional 
parameters. If messages 1 and 2 are generated based on 
existing protocols, a neW ?elds may be required in order to 
alloW the provision of the tracking function. 

[0083] The SGSN may initiate a privacy check according 
to the subscriber’s privacy information also provided by the 
HLR. If the privacy check Was successful, the SGSN may 
return the subscriber’s SA/Cell ID (or other location infor 
mation+PMM State) to the GMLC. 

[0084] As shoWn in FIGS. 1 and 3, the location informa 
tion can be received from the radio netWork eg from the 
RNC 7. The reporting may be based eg on the RANAP 
(Radio Access Network Application Part) ‘Location Report 
ing’ procedure. This may be done eg when the subscriber 
has an active PDP Context. This is illustrated in FIG. 1 by 
the location reports 3, 5 and 7 concerning changes With 
regard to the service areas SA1 to SA3, respectively. 

[0085] Other reporting procedures may also be used. It 
shall also be appreciated that the location information may 
be provided by the GMLC/SGSN or RAN in some other 
form than the cell ID or SAI discussed above. 

[0086] Since the service area (SA) information is alWays 
stored at the SGSN, the information that may be used for the 
provision of location information for clients is alWays avail 
able. This is contrary to the conventional LCS arrangements 
Wherein the location data is not stored eg at the GMLC. 

[0087] If the SGSN 11 notices that the SA/Cell ID of the 
subscriber has changed, the location service information 
provision routines thereof are invoked and the neW SA/Cell 
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ID of the subscriber 1 is then reported to the GMLC 12. This 
may be done eg by means of a MAP (Mobile Application 
Part) ‘Subscriber Location Report’ message. 

[0088] Although not necessary in all applications, and 
therefore not shoWn in FIG. 4, the mobile user equipment 1 
may initiate attachment and/or authentication procedures 
With the SGSN before any location request are sent. After 
the attachment the subscriber may create a PDP context to 
the client 8. After the connection is successfully created the 
subscriber may then activate the speci?c location service. 
For example, the client 8 may provide a service Which 
requires that the subscriber 1 makes a connection to the 
service Where after the client may ask for location of the 
subscriber in a triggered fashion. The attachment is not 
needed eg if the service is a loyalty card service or similar, 
because the GMLC 12 is alloWed to report all subscribers of 
the target group to the client 8. 

[0089] Both the subscriber and the client may initiate the 
location tracking procedure. An example of subscriber ini 
tiated services is Wherein the subscriber enters a shopping 
mall and is Willing to receive special offers from a server 
advertised by the shopping mall. Another example is a 
“alarm me When I am entering the desired area” type service. 
This may be used eg While the subscriber is in a bus and 
Wants an indication When to step out from the bus. 

[0090] The SGSN 11 Will preferably report every SA/Cell 
ID change. HoWever, this is not alWays necessary. For 
example, if a especially high accuracy is not required or if 
the signalling channels are heavily loaded, the SGSN may 
report only every second or third change. 

[0091] The operator or service provider may also de?ne 
larger areas comprising a plurality of small service areas 
(SAs). For example, one Location Area/Routing Area may 
consist of more than 100 service areas. It may be de?ned that 
service areas SA1 to SA30 associate With a cheaper area 
(eg home/of?ce Zone). If a subscriber is located to one of 
the service areas SA1 to SA30, it is then “inside” and has the 
cheaper rate. If the subscriber is located in the SA31 to 
SA100, it is determined as being “outside” and has a more 
expensive rate. The service may only be interested to knoW 
When the subscriber moves from the “inside” to the “out 
side” area or vice versa. So the service area changes betWeen 
the services areas SA1 to SA30 are not relevant. The only 
changes that matter are changes betWeen the service areas 
SA31 to SA100. 

[0092] The relevant service area de?nition may be set/ 
controlled by various entities. For example, in the above 
example the area concept may be distributed over the 
location middleWare (geographical mapping & area de?ni 
tion) and the SGSN (grouping of the service areas to larger 
groups). 
[0093] The GMLC 12 may de?ne the accuracy that is 
required in the information provision. The required accuracy 
may be indicated eg by so called quality of service (QoS) 
parameters included in a location information request. 

[0094] The GMLC 12 receives Location Reports from the 
SGSN 11. The GMLC 12 may then forWard the information 
to the Client 8 in a ‘LCS Service Response’ message. 
Depending on the application the GMLC may or may not 
process the information before responding. If processing is 
done, the GMLC may, for example, indicate the location as 
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geographical coordinates it has computed based on the 
access entity identity information received from the SGSN 
or use the spatial database, as described above. 

[0095] The client may be provided With the subscriber 
location in accuracy of Service Area (or Cell ID). Location 
can be provided for the client in a reliable real time fashion. 
The client may be provided With an access to the netWork 
architecture information or some speci?c cell areas may be 
made knoWn to the client so that the client may understand 
the coordinates of each cell. For security reasons, the access 
to the cell coordinates and/or netWork architecture informa 
tion may be limited to the internal clients. 

[0096] The following Will describe With reference to FIG. 
5 operation in a situation Where the Service Area/Cell ID of 
a subscriber changes and that neW SA/Cell ID is resided 
under a neW SGSN 31. If the tracking function is active, 
transfer of Location Service information to the neW SGSN 
31 needs to be triggered. There are alternative Ways to 
implement this. 

[0097] In the ?rst alternative the old SGSN 11 sends that 
triggered Location Service information directly to the neW 
SGSN 31. When the neW SGSN 31 sends the P-TMSI 
(Packet temporary mobile subscriber identity) to the old 
SGSN 11, the old SGSN returns also the triggered Location 
Service information to the neW SGNS in addition to the 
IMSI (International mobile subscriber identity) and authen 
tication information. This may require modi?cations to the 
GTP procedure. The GTP is a GPRS Tunneling Protocol. 
The GTP is used When information is eXchanged betWeen 
XGSNs. 

[0098] In a second alternative the triggered Location Ser 
vice information is stored in the HLR 14. When the proce 
dure to relocate the SGSN functions to the neW SGSN 31 is 
completed the information is send from the HLR to the neW 
SGSN 31. This alternative requires neW ?elds to the MAP 
‘Send Routing Information’ message so that the LCS mes 
sage may indicate Where the triggered Location Service 
information shall be send. There may also be need for 
modi?cation of the MAP interface betWeen the HLR and 
neW SGSN so that the triggered Location Service informa 
tion can be transferred. 

[0099] A third alternative employs a mechanism that is 
similar to the one knoWn as the deferred MT-LR (Mobile 
Terminated-Location Request) procedure. If the SGSN/ 
MSC 11 receives an indication that the user equipment 1 has 
moved to another, neW SGSN/MSC While it is Waiting for 
the requested event to happen, a ‘Subscriber Location 
Report’ may be sent directly to the GMLC 12 With the 
information that the MT-LR must be re-initiated With the 
neW SGSN/MSC 31. The address of the neW SGSN/MSC 31 
may be included in the Subscriber Location Report, if it is 
available. 

[0100] The location information provision procedure may 
be “phased” such that a substantially large number of users 
can be initially tracked With loW accuracy. This causes only 
a substantially loW load to the netWork. More advanced 
methods can then be used to get more detailed location of 
selected users should this be needed. Thus, in addition to 
initial step of ?nding those users Who are near to a speci?c 
area, a neXt step could be is to shrink this group and ?nd 
more accurately the users Which are very near or even inside 

eg a shop. 
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[0101] FIG. 6 shoWs a How chart for an embodiment 
Wherein a client application requests the location middle 
Ware to indicate certain movements of the user. For eXample, 
the information delivery may be triggered Whenever a 
subscriber leaves and/or enters a geographical area. Trig 
gering may also occur if a user leaves and/or enters a set of 
cell IDs. This could be used eg by netWork performance 
optimisation or Home Zone charging functions. 

[0102] Depending of the requested QoS (accuracy, time of 
interval, type of service and so on) the location middleWare 
may decide to initiate the procedure for monitoring for 
changes in the CI/SAI. If so, the location middleWare (i.e. 
the GMLC) may send a MAP ‘Provide Subscriber Location’ 
message With ‘Report change of CI/SAI’ indication to the 
core netWork. It should be noted that GMLC may identify 
the correct CN element by using “Send Routing Info for 
LCS” procedure With the HLR, as the HLR knoWs to Which 
CN element the subscriber is attached to. When receiving 
the request the CN element acts as described above and 
reports any CI/SAI changes to GMLC. When receiving the 
CI/SAI change indications from the CN the location middle 
Ware analyses Whether the triggering criteria is met. For 
eXample, the location middleWare may determine Whether 
the neW CI/SAI of the subscriber is in the de?ned geographi 
cal area eg by comparing the cell coverage area to the 
de?ned triggering area. A determination may also be done 
Whether the neW CI/SAI of the subscriber is identi?ed by the 
cell ID set referred to above. 

[0103] If the triggering criteria is met the change indica 
tion (e.g. enter/leave) is given to the client application. 

[0104] The operator may use the location information by 
the GMLC for various purposes. The information may be 
saved for history database (eg for netWork management 
functions such as monitoring, optimisation and so on). 
Additionally this procedure can be used to optimise the 
number of high quality (accuracy) location requests to be 
sent to the netWork, eg in order to locate only those 
subscribers Who are close to the monitored area. 

[0105] If an external client is used by other subscriber than 
the subscriber to be located or another client application, 
there are alternative possibilities to charge for the use of the 
service. The service requesting for the information may be 
charged by the GMLC or by an internal application server 
(AS) or the client. The service may be charged by the GMLC 
eg if the external client is requesting the location. The 
speci?c AS may also charge based on its normal charging 
procedures. The GPRS access may be charged normally. The 
operator may have different charging schemes based on 
service provider and for eXample based on the content. The 
operator charging facility may be provided by the GMLC. 

[0106] The SGSN and the GGSN may charge the trans 
ferred data volume. Everything else is preferably charged by 
the GMLC and/or the service provider. 

[0107] The service provider (Internal/External AS) may 
act as a Client. The Client has to be authenticated by the 
location information service Server (GMLC). 

[0108] According to a further embodiment the user equip 
ment itself provides information about its location, eg 
determined based on the GPS, and any changes in the 
location directly to the GMLC or to the Client. HoWever, in 
this case the Operator may not be able to charge the Client 
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for using the location service because it may not know about 
the use of service. The mobile user equipment 1 may be 
provided With an appropriate terminal equipment for the 
provision of location information, such as a GPS receiver 
and/or a location determination processor unit. 

[0109] In addition to the push type advertisements, the 
invention may be employed in association With any value 
added service Wherein location information is utilised. 

[0110] In addition to tracking of a large group of subscrib 
ers, the same procedure may also be used for other purposes. 
For example, the reporting may be used to support event 
based services. The spatial database may store pro?les eg 
for shops and buildings as Well as for mobile and ?xed 
subscribers. Subscriber may also provide the spatial data 
base With an indication that he Wants to get noti?ed if a 
particular friend, co-Worker and so on comes close to him. 

[0111] Another example Would be the above referred 
Home Zone billing Where subscriber’s tariff is changed 
according to his location (eg cheaper rates at home or 
of?ce). Using these procedures and interface de?nitions it is 
possible to track these user’s location in substantially real 
time. 

[0112] If a subscriber Wants to start a tracking for his 
surroundings he could use the same method as the super 
market did above. That is, the subscriber may place a request 
With the area that matches his oWn location at that present 
moment by making a connection to the Client and requesting 
to be informed When his pre-de?ned friends arrive to the 
same area. This kind of a service is preferably provided on 
the location middleWare level. The access netWork control 
ler level may not have enough information to compute this. 

[0113] Thus the tracking feature may be triggered by the 
user himself (e.g. alarm me When I enter area), some other 
subscriber (e.g. alarm me When my Wife is entering area), 
internal client (e.g. alarm When a speci?c subscriber is 
entering/leaving an area) or external client (e.g. alarm When 
a subscriber is entering an area). 

[0114] In 2G GPRS the mobile user equipment may need 
to stay on the READY state in order to enable reporting of 
the cell changes to the netWork. If there is no data or other 
transmission ongoing the user equipment Will be sWitched 
from ready state to standby state Where only Routing Area 
changes are reported. The time hoW long mobile station Will 
be in the ready state Without data transmission is con?g 
urable by the operator. This speci?c timer is called “READY 
timer”. If the Client receives the subscriber PMM (packet 
data mobility management) state information together With 
the location information the client is provided With indica 
tion that the Location Information may not be accurate 
enough. Furthermore, if needed, the Client may change the 
PMM State to READY eg by sending some data bits (e.g. 
service information) to the target user equipment. 

[0115] In 3G GPRS the user equipment enters a PMM 
IDLE mode When the packet sWitched signalling connection 
for packet sWitched domain betWeen the user equipment and 
the netWork has been released. In the PMM-IDLE mode the 
user equipment performs only periodic routing area updates. 
HoWever, it may be assumed that the packet sWitched 
signalling connection time is much longer (e. g. half an hour) 
than that of the 2G READY timer. The value may be s 
modi?ed by the operator. 

[0116] It shall be appreciated that the invention may be 
implemented in association With any access technique. Thus, 
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While in the above the exemplifying embodiments of the 
invention have described in the context of a WCDMA 
(Wideband Code Division Multiple Access) UMTS (Uni 
versal Mobile Telecommunications System) and/or a GPRS 
(General Packet radio Service), the embodiments of the 
present invention are also applicable to any other cellular 
communication system. 

[0117] The invention may also be implemented Without 
introducing any of the conventional LCS positioning mecha 
nisms requiring location determinations to Radio NetWork 
or to the user equipment. 

[0118] This method is believed to be substantially light 
Weight to implement. This may be case especially in the 2G 
systems because the 2G SGSN 11 is aWare of the current cell 
of a user equipment all the time. HoWever, similar principles 
may also be applied to 3G location reporting. In overall this 
procedure is not believed to provide any extra load to the 
radio access netWork The extra load for the SGSN 
is also believed to be insigni?cant. Thus clear advantage is 
provided compared to the prior art Where stand-alone LCS 
requests Would cause a heavy burden to the Whole system. 

[0119] The SGSN knoWs subscriber location alWays When 
there is PDP context activated for a particular user equip 
ment and the context is in use. This functionality alloWs 
effective location reporting capabilities Without using heavy 
LCS procedures in the air interface. This functionality 
enables the location information to be send to the LCS client 
every time subscriber relocates from a Cell area or Services 
area to another When it has active PDP context ongoing. 

[0120] The embodiments may thus provide a more ef? 
cient Way to locate a substantially large number of subscrib 
ers than the conventional LCS positioning methods. This is 
because no conventional LCS positioning determinations 
has to be done. Instead, the already existing information 
about the current SA/Cell of speci?c subscribers can be 
used. Thus the invention enables ef?cient targeted push type 
messaging such as advertising, sending Warnings or other 
messages to users in a certain area, home Zone tariff appli 
cations, netWork monitoring, optimised user location and so 
on. 

[0121] It is also noted herein that While the above 
describes exemplifying embodiments of the invention, there 
are several variations and modi?cations Which may be made 
to the disclosed solution Without departing from the scope of 
the present invention as de?ned in the appended claims. 

1. A communication system for provision of communi 
cation services for mobile user equipment comprising: 

a plurality of access entities for enabling the mobile user 
equipment to access the communication system; 

a location information service entity for provision of 
location information regarding the geographical loca 
tion of at least one mobile user equipment; 

at least one controller arranged to provide the location 
information service entity With information regarding 
changes in the service provided for the at least one 
mobile user equipment by the communication system, 
the location information service entity being arranged 
to provide location information based on said informa 
tion regarding the changes. 

2. A communication system as claimed in claim 1, 
Wherein the at least one controller is arranged to push 
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information about a de?ned change in the service to the 
location information service entity in response to detection 
of the de?ned change. 

3. A communication system as claimed in claim 1, 
Wherein said change in the service comprises movement of 
the mobile user equipment from an access entity to another 
access entity. 

4. A communication system as claimed in claim 1, 
Wherein the access entity comprise a cell. 

5. A communication system as claimed in claim 1, 
Wherein the access entity comprises a service area. 

6. A communication system as claimed in claim 1, 
Wherein said at least one controller is arranged to provide the 
location information service entity With a unique identi?er 
of an access entity as an indication of a change in the 
location of the mobile user equipment. 

7. A communication system as claimed in claim 1, 
Wherein the location information service entity de?nes geo 
graphical location coordinates of the mobile user equipment 
based on said information from the at least one controller. 

8. A communication system as claimed in claim 1, 
Wherein the location information service entity comprises a 
spatial database for storing information for use in associa 
tion of access entity identi?ers With geographical location 
areas. 

9. A communication system as claimed in claim 1, 
Wherein the location information service entity comprises a 
gateWay mobile location centre. 

10. A communication system as claimed in claim 1, 
Wherein information about the changes is provided by a 
mobile switching centre (MSC). 

11. A communication system as claimed in claim 1, 
Wherein information about the changes is provided by a 
serving GPRS support node (SGSN). 

12. A communication system as claimed in claim 1, 
Wherein information about the changes is provided by an 
access entity controller. 

13. A communication system as claimed in claim 12, 
Wherein the access entity controller comprises a radio net 
Work controller (RNC) or a base station controller (BSC). 

14. A communication system as claimed in claim 1, 
Wherein the location information service entity is arranged 
to respond a location information request by a client based 
on said information from said at least one controller. 

15. A communication system as claimed in claim 14, 
Wherein the client is either an eXternal client. 

16. A communication system as claimed in claim 14, 
Wherein the client is either an internal client. 

17. A communication system as claimed in claim 16, 
Wherein the client comprises a service control point of an 
intelligent netWork. 

18. A communication system as claimed in claim 14, 
Wherein the request from the client request for location 
information regarding a substantially large group of users of 
mobile user equipment. 

19. A communication system as claimed in claim 1, 
Wherein the location information service entity is arranged 
to provide information regarding the operational state of the 
user equipment and/or data volumes communicated to and/ 
or from the user equipment. 

20. A communication system as claimed in claim 1, 
Wherein the location information provision procedure can be 
initiated by at least one of the folloWing: a service provider; 
a user of a mobile user equipment; an entity of the commu 
nication system. 
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21. A communication system as claimed in claim 1, 
Wherein a plurality of access entities is grouped into a larger 
location area group, the arrangement being such that loca 
tion information is provided only if the user equipment 
moves into or out from the location area group. 

22. A communication system as claimed in claim 1, 
comprising location service means for accomplishing loca 
tion information measurement and/or calculations. 

23. Alocation service entity for a communication system, 
comprising: 

an input for receiving from the elements of the commu 
nication system information regarding an access entity 
of the communication system that is serving a mobile 
user equipment; 

a processor for processing the information; 

a database for storing spatial information Wherein the 
access entities are associated With geographical loca 
tions; 

an output for provision of location information to a client 
based on said information regarding the access entity 
serving the mobile user equipment and said spatial 
information stored in the database. 

24. A method of proving location information for a client 
regarding mobile user equipment served by a communica 
tion system, said communication system providing commu 
nication services for the mobile user equipment by means of 
a plurality of access entities, the method comprising: 

activation a monitoring function in a controller of the 
communication system for detection of an event in 
association With the provision of communication ser 
vices for at least one mobile user equipment; 

in response to detection of the event, reporting the event 
to a location information service entity arranged for 
provision of location information regarding the geo 
graphical location of said at least one mobile user 
equipment; and 

based on said information regarding the event, generating 
a message for reporting to the client the location of said 
at least one user equipment. 

25. A method as claimed in claim 24, Wherein said event 
comprises movement of the mobile user equipment from an 
access entity to another access entity. 

26. A method as claimed in claim 24, Wherein the access 
entity comprise a cell or a service area. 

27. A method as claimed in claim 24, Wherein the con 
troller provides the location information service entity With 
a unique identi?er of an access entity as an indication that 
the mobile user equipment has moved from an access entity 
to another access entity. 

28. A method as claimed in claim 24, Wherein the location 
information service entity de?nes geographical location 
coordinates of the mobile user equipment based on said 
information from the controller. 

29. A method as claimed in claim 24, Wherein the client 
request for location information regarding a substantially 
large group of users of mobile user equipment. 

30. Amethod as claimed in claim 24, Wherein the respon 
sibility to provide the location information service entity 
With information regarding the event is relocated to another 
controller. 


